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Abstract
The study aimed to development a prediction model for soil erosion degree by image analysis techniques. The 
spectral information was obtained by image analysis in the RGB and HSB color system, and by calculus resulted 
rgb normalized values. Specific indices were calculated: intensity (INT), normalized difference index (NDI) and 
dark green color index (DGCI). The correlation analysis emphasized the existence of high levels of interdependence 
between specific indices and normalized color data rgb, respectively luminance (L). The regression analysis 
has enabled the creation of estimation models for soil erosion degree (DSE), in the form of linear equations in 
relation to luminance (R2=0.999, p<<0.001, RMSEP=25.5766) and INT (R2=0.998, p<<0.001, RMSEP=25.5833), 
and 2nd degree polynomial equations in relation to DGCI (R2=0.768, p<0.001, RMSEP=28.3275). Clustering analysis 
facilitated the grouping of the studied cases in two distinct clusters with four sub-clusters, under conditions of 
statistical accuracy, Coph. corr. = 0.831.
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Introduction
A number of limiting factors affect soil and 
generate environmental imbalances, or limit their 
productive potential by acidification (Bolan et 
al., 2005; Zheng, 2010), salinization (Shrivastava 
and Kumar, 2015; Singh, 2015), desertification 
(Batterbury and Warren, 2001; Oswald and Harris, 
2016), erosion (Uri, 1999, 2001; ), pollution (Saha 
et al., 2017) etc.
The study and assessment of land and soils 
affected by limiting factors can be done both by 
classical methods, as well as by methods based 
on remote sensing and imaging analysis (Mulder 
et al., 2011; Shoshany et al., 2013). Classical 
methods involve going on the field, samplings, 
measurements, determinations, and therefore 
having some disadvantages like consuming 
material, human and time resources. Remote 
sensing methods have the advantage of providing 
automated, fast, accurate and repeatable large-
scale methods for land and soil monitoring and 
vegetation status indicators, along with detailed 
data based on environmental sites, which 
can improve the monitoring and realization 
of study and prognosis models (Lawley et al., 
2016). Methods based on remote sensing and 
imaging analysis are useful tools for analyzing, 
characterizing and classifying the territory 
(Govedarica et al., 2015; Herbei et al., 2015), in 
precision agriculture (Mulla, 2013; Khanal et al., 
2017), in the study of agricultural crop dynamics 
and estimation of biomass production (Pinter et 
al., 2003; Herbei and Sala, 2015, 2016; Sun et al., 
2017).
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The erosion of land and soils is a limiting 
factor with varied manifestations in relation to 
land slope, the vegetation cover, the agricultural 
crops, the management of the territory and of 
the vegetation cover or crops, the meteorological 
phenomena, the anthropic activities of socio-
economic nature, etc. (Boardman et al., 2003; 
Cerdà and Doerr, 2005; Boardman, 2013; Borrelli 
et al., 2017; Karidjo et al., 2018; Poesen, 2018). 
Qualitative depreciation of soil and agricultural 
land is significant, and the costs for remediation 
and conservation are also high, but in balance 
with the environmental and economic benefits 
of the farms and human communities, they are 
necessary (Pimentel et al., 1995; Boardman et al., 
2009). Numerous studies have approached the 
erosion process as a result of adverse land damage, 
and techniques based on satellite, aerial and GIS 
images have been very useful (Le Bissonnais et al., 
2002; Borrelli et al., 2017).
The present study used imaging analysis in 
order to obtain predictive models of soil erosion 
degree.
Materials and methods
The study aimed to assess the state of soil 
erosion by imaging analysis and the development 
of prediction models for the erosion degree.
The studied area is located in Bihor County, 
Budureasa village. The images were taken 
from the Google Earth system (Fig. 1), with a 
representation in geographic coordinates. From 
the base image, different crop images were made 
with equal dimensions, 305 × 305 pixels (Fig. 2), 
which included the distribution of the erosion 
degree from maximum to minimum values. The 
crop images were analyzed with ImageJ (Rasband, 
1997) in order to obtain spectral values in the RGB 
system, correlated with the degree of soil erosion.
Figure 1. Survey area affected by surface erosion, Bihor County, Saca 
(Google Earth, 2018 February)
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Data in color systems and calculated 
indices
The data obtained from the image analysis 
were expressed in the RGB color system. Based on 
them, equivalent values were determined in the 
HSB color system, and the rgb normalized values 
were calculated, relation (1), (2), (3). Specific 
indices have been determined for the assessment 
of the vegetation cover and soil in relation to 
the degree of erosion, based on the information 
obtained from the analysis of digital images (Rorie 
et al., 2011; Lee and Lee, 2013); Intensity – INT 
(Ahmad and Reid, 1996) relation (4), normalized 
difference index – NDI (Karcher and Richardson, 
2003), relation (5), and Dark Green Color Index 
– DGCI (Karcher and Richardson, 2003), relation 
(6).
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Figure 2. Crop images studied in relation to the distribution of the soil erosion degree
SALA et al.
99
Bulletin UASVM Horticulture 76(1) / 2019
Model to Estimate Soil Erosion Based on Imaging Analysis
Degree of Soil Erosion Model - Logical Model
For the approach by imagery analysis of the 
soil erosion phenomenon, a model was designed 
including the working phases presented in the 
logical scheme (Fig. 3).
Statistical analysis of data
The results obtained were mathematically 
and statistically analyzed by correlation and 
regression analysis with the PAST software 
(Hammer et al., 2001). Linear and polynomial 
models were obtained for the estimation of soil 
erosion based on luminance and specific indices, 
under conditions of statistical accuracy given by p, 
R2 and RMSEP parameters.
Results and discussions
From the analysis of the 20 images, that 
expressed differently the degree of soil erosion, 
the spectral data in the RGB color system were 
obtained. Based on them, the equivalent values 
were determined in the HSB color system, the 
luminance (L) and the normalized rgb values were 
Figure 3. Degree of Soil Erosion Model – Logical schema
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calculated. Consequently, the values of the indices 
INT, NDI and DGCI were calculated (Tab. 1).
Degree of Soil Erosion (DSE) was estimated 
in relation to luminance. From the analysis of 
the luminance oscillation values, the maximum 
value was found (L=100) in the case of totally 
eroded surfaces (Figure. 2.15) and the minimum 
value (L=53) in the case of surfaces covered 
with vegetation (Figure. 2.16). As a result, a 
luminance variance interval of 47 units was found 
in correspondence with variation range of the 
erosion degree between 0-100%, and from this 
correspondence resulted a variation unit (Vu) of 
0.47 luminance values to 1% erosion. From this, 
the soil erosion degree (DSE) was determined in 
relation to luminance, according to the relation 
(7).
u
nse
V
LLDSE −=     (7)
where: DSE – degree of soil erosion; Lse – luminance 
of eroded soil; Ln – luminance of normal soil; Vu 
– variation unit (0.47 for this study)
The Anova single factor test, under conditions 
of Alpha = 0.001, revealed the existence of variance 
in the set of experimental values, in relation with 
the assessed factor, respectively the degree of 
soil erosion (p<<0.001, F > Fcrit). The statistical 
correlation analysis (Tab. 2), has emphasized 
the existence of correlations and positive or 
negative interdependencies, with different levels 
of intensity between normalized rgb values, 
Table 1. Spectral values in the RGB and HSB color system, normalized values and specific indices
No. R G B H S B L r g b INT NDI DGCI DSE
1 208.08 207.57 201.15 51 0.03 0.82 81 0.3374 0.3365 0.3261 205.60 0.0012 0.3333 59.57
2 172.38 173.15 170.08 80 0.02 0.68 68 0.3343 0.3358 0.3299 171.87 -0.0022 0.5444 31.91
3 222.45 221.12 212.02 49 0.05 0.87 86 0.3393 0.3373 0.3234 218.53 0.0030 0.2989 70.21
4 247.09 246.4 242.74 45 0.02 0.97 96 0.3356 0.3347 0.3297 245.41 0.0014 0.2533 91.49
5 235.97 234.98 230.66 48 0.02 0.93 92 0.3363 0.3349 0.3288 233.87 0.0021 0.2833 82.98
6 220.66 219.48 214.41 43 0.03 0.87 86 0.3371 0.3353 0.3276 218.18 0.0026 0.2722 70.21
7 208.1 206.58 201.63 50 0.06 0.8 81 0.3377 0.3352 0.3272 205.44 0.0036 0.3244 59.57
8 197.87 196.27 191.37 43 0.04 0.78 77 0.3379 0.3352 0.3268 195.17 0.0040 0.2989 51.06
9 184.14 182.58 178.17 50 0.03 0.72 72 0.3379 0.3351 0.3270 181.63 0.0042 0.3611 40.43
10 214.51 210.16 198.1 42 0.08 0.84 82 0.3444 0.3375 0.3181 207.59 0.0101 0.2600 61.70
11 151.88 151.04 156.16 108 0.03 0.61 60 0.3308 0.3290 0.3402 153.03 0.0027 0.7200 14.89
12 218.97 216.45 208.09 44 0.05 0.86 85 0.3403 0.3364 0.3234 214.50 0.0057 0.2744 68.09
13 254.04 253.88 253.29 60 0.00 1.00 100 0.3337 0.3335 0.3327 253.74 0.0003 0.3333 100.00
14 246 245.15 242.89 40 0.01 0.96 96 0.3351 0.3340 0.3309 244.68 0.0017 0.2322 91.49
15 254.98 255 254.83 35 0.00 1.00 100 0.3334 0.3334 0.3332 254.94 -3.9E-05 0.19444 100.00
16 131.36 135.75 140.26 153 0.06 0.55 53 0.3225 0.3332 0.3443 135.79 -0.0162 0.9800 0.00
17 146.87 146.88 152.37 120 0.03 0.6 58 0.3292 0.3292 0.3415 148.71 -3.4E-05 0.79 10.64
18 210.98 207.2 193.37 47 0.09 0.83 81 0.3450 0.3388 0.3162 203.85 0.0089 0.2878 59.57
19 252.96 252.82 250.21 60 0.01 0.99 99 0.3346 0.3344 0.3310 252.00 0.0003 0.3333 97.87
20 223.96 221.55 218.68 36 0.02 0.88 87 0.3372 0.3336 0.3292 221.40 0.0053 0.2333 72.34
RGB – values in RGB color system; HSB – values in HSB color system; rgb – normalized values; L – luminance; NDI - normalized difference index; 
INT – Intensity; DGCI – dark green color index
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luminance, indices INT, NDI, DGCI and degree soil 
erosion (DSE).
Analyzing the data in Table 2, there was 
observed a very high positive correlation between 
INT and luminance (r = 0.999), high correlation 
between NDI and r normalized (r=0.893), 
and negative correlation between NDI and b 
normalized (r = -0.770). The DGCI index had high 
negative correlations with luminance (r = -0.854) 
and with INT (r = -0.845), medium correlations, 
negative with r normalized (r = -0,771) and 
positive with b normalized (r = 0.752), as well as 
low negative correlations with NDI (r=-0.692) and 
with g normalized (r = -0.588). DSE (Degree of Soil 
Erosion) had very high correlations, positive with 
luminance (r = 0.999) and with INT (r = 0.998), 
high negative correlations with DGCI (r = -0.854) 
and low correlations, positive and negative with 
normalized rgb values and NDI index. The high 
level of correlations between DSE and luminance, 
respectively indices INT and DGCI, recommended 
a regression analysis to find a predictive model of 
soil erosion degree based on the respective indices 
or normalized rgb values.
Following the logical scheme of the DSE model 
(Fig. 3), from the regression analysis resulted DSE estimation models based on calculated indices 
and luminance, in the form of linear or polynomial 
2nd degree equations. High precision models of 
prediction and statistical accuracy of DSE ware 
obtained based on luminance (L), INT and DGCI. 
In the case of luminance, the prediction 
model of DSE was described by a linear equation 
(8), under the conditions of R2 = 0.999, p<<0.001, 
RMSEP = 25.5766.
2276.0x0051.1DSE −=    (8)
where: x = L (luminance) 
In the case of INT index, the prediction model 
of DSE was described by a linear equation, equation 
(9), under the conditions of R2 = 0.998, p<<0.001, 
RMSEP = 25.5833. The graphical distribution of 
real and predicted values for DSE based on INT 
index values is shown in Figure 4.
1521.0x3953.0DSE −=    (9)
where: x = INT (Intensity) 
In the case of DGCI index, the prediction model 
of DSE was described by a 2nd degree polynomial 
equation, equation (10), under the conditions of R2 
= 0.768, p<0.001, RMSEP = 28.3275. The graphical 
distribution of actual and predicted values for DSE 
based on DGCI index is shown in Figure 5.
              (10)
where: x = DGCI (dark green color index)
The clustering analysis based on Euclidean 
distances generated a dendrogram (Fig. 6), in 
which the individual cases studied (1-20) were 
grouped according to the degree of erosion, under 
conditions of statistical accuracy, Coph. corr = 
0.831. Two distinct clusters were obtained, with 
4 sub-clusters, each containing several clusters of the studied cases.
Soil erosion is a geomorphological and land 
degradation process, by which soil particles in 
varying amounts are carried from the soil surface 
by water and wind, correlated with gravitational 
Table 2. Matrix correlation table
 r g b L INT NDI DGCI DSE
r 1.000        
g 0.759 1.000       
b -0.975 -0.886 1.000      
L 0.425 0.354 -0.425 1.000     
INT 0.406 0.336 -0.405 0.999 1.000    
NDI 0.893 0.386 -0.770 0.365 0.350 1.000   
DGCI -0.771 -0.588 0.752 -0.854 -0.845 -0.692 1.000  
DSE 0.425 0.354 -0.425 0.999 0.998 0.365 -0.854 1.000
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force, and transported and deposited at varied 
distances from the original site (Evans, 2006; 
Boardman, 2013). Poesen (2018) believes that 
more attention is necessary to the study of soil 
erosion in order to understand the natural, 
anthropic and interaction factors in the erosion 
process, to easily and accurately estimate erosion expansion rate in time and space and to develop 
strategies, accessible and sustainable techniques 
and methods to reduce the erosion rate. Agricul-
tural sites with eroded soils and also those with 
a risk of erosion are carefully monitored in 
order to understand the certain phenomenon, 
to assess the current stage of the amplitude and 
extension tendency of the erosion, as well as the 
implementation of conservation methods (Evans, 
2013).
Based on soil parameters, vegetation, orogra-
phic characteristics of the terrain and correlated 
with factors of natural (precipitation, wind, slope, 
Figure 4. Graphical distribution of actual and predicted DSE values based on INT index luminance
Figure 5. Graphical distribution of actual and predicted DSE values based on the DGCI index
SALA et al.
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etc.) and anthropic influence, different models of 
soil erosion prediction were developed and used 
(Evans and Brazier, 2005; Nearing et al., 2006; 
Wang et al., 2006; Beskow et al., 2009; Ogwo et al., 
2012; Gogichaishvili et al., 2014; Silva et al., 2014; 
Tesfahunegn et al., 2014; Zhang, 2016).
The present study brings to mind an easy 
method of assessing the degree of soil erosion 
based on easily accessible images and applications 
from the public domain. It can be used by local 
communities for accurate, rapid and cost-free 
analysis of the erosion process in order to monitor 
the areas under management.
The model includes the normal situation in the 
land (image 16) and full land erosion (image 15) 
as well as a number of intermediate cases. Taking 
and periodically studying images, especially after 
periods of torrential rain or snow melt and their 
analysis, will emphasize immediately changes 
occurring in the territory, through RGB, rgb, 
L, NDI, INT and DGCI parameters. The newly obtained values  can be entered into the model and 
immediately show the degree of erosion produced. 
At the administrative level, intervention decisions 
can be made to prevent or remedy the identified situations.
Conclusions
The imaging analysis has proved to be a 
useful tool for assessing soil erosion, being able to 
identify the variable erosion levels. The luminance 
and determinant indices NDI, INT, and DGCI have 
expressed differently the erosion level and showed 
correlations of variable levels with DSE.
The regression analysis has enabled obtaining 
linear and polynomial models of DSE estimation, 
under conditions of statistical accuracy.
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